Three groups of 50 patients were anaesthetized with diazepam 0.32 mg/kg or thiopentone 3.7 mg/kg or propanidid 4.6 mg/kg for elective cardioversion. Propanidid caused more hypotension than diazepam or thiopentone. Apnoea was most frequent following thiopentone and excitatory sideeffects were most prominent following propanidid; the electric countershock worsened the excitatory phenomena. The success rate of conversion was higher in the diazepam group than in the other groups, but the difference was not statistically significant. Diazepam failed to produce amnesia in about 33% of the patients. Thiopentone is suitable and pleasant for cardioversion. Diazepam is recommended in poor-risk patients and in emergency situations.
Following the introduction of direct current countershock for the restoration of sinus rhythm, thiopentone seems to have been the most popular anaesthetic agent for this procedure (Lown, Amarasingham and Newman, 1962; Lown et al., 1963) . However, since Muenster and colleagues (1967) reported a greater frequency of ventricular extrasystoles in patients anaesthetized with thiopentone than in those given diazepam, the latter has become a popular anaesthetic agent for cardioversion (Winters et al., 1968; Somers et al., 1971; Vinge, Wyant and Lopez, 1971) . Johnstone and Barron (1968) found that propanidid has a quinidine-like anti-arrhythmic effect and considered it to be superior to thiopentone for the induction of anaesthesia. Propanidid has a useful brevity of action (Clarke, 1969) . However, it has not been compared with other anaesthetics for cardioversion.
The course of anaesthesia, the success rate of conversion of arrhythmia and the occurrence of ventricular arrhythmias in patients anaesthetized with diazepam, thiopentone or propanidid for the application of d.c. countershock have been compared.
PATIENTS AND METHODS
One hundred and fifty unselected patients undergoing elective cardioversion were divided randomly into three groups. Group I was anaesthetized with diazepam, group II with thiopentone and group III with propanidid. The groups were comparable (tables I and II).
Digoxin treatment was discontinued 2 days before the d.c. shock. In patients who were receiving quinidine, the dose was adjusted so that the serum RIITTA ORKOJ M.D.J Department of Anaesthesia, University Central Hospital, Helsinki, Finland. concentration was within the range 1-3 mg/litre (Hartel et al., 1970) .
The patients fasted overnight and arrived at the cardiovascular laboratory without premedication. Atropine 0.01 mg/kg was given i.v. 2 min before anaesthesia.
Diazepam (Valium) was given over a period of about 1 min until the patient's speech became sluggish and ptosis was obvious. Thiopentone (Hypnostan) and propanidid (Epontol), both in 2.5% solutions, were also injected over about 1 min. When the patient did not respond to questions, the level of anaesthesia was considered adequate for the application of d.c. shock. All patients were given 100% oxygen through a "non-rebreathing valve and facepiece from 1 min before the induction of anaesthesia to the time of countershock. Controlled ventilation was instituted if the duration of apnoea exceeded 30 sec. The author administered all the anaesthetics. In group I the patients were drowsy only. In groups II and III, the duration of anaesthesia was timed from the start of the anaesthetic injection to the moment at which the patient responded to a command.
About 2-3 min after the anaesthetic injection began,the d.c. shock or shocks were given with theaid of a d.c. defibrillator (Electrodyne C-100 M or Olli defibrillator). One electrode was placed between the scapular angle and the spine, the odier over the left sternal border. The energy discharge initially was 100 Wsec and it was increased successively, when necessary, to 200 and 300 Wsec. A maximum of three countershocks was given on each occasion.
Arterial systolic pressure was determined by indirect sphygmomanometry. The e.c.g. was recorded for a 2-min period during the 4hr before the patient's arrival at the laboratory, during the 2 min RHD = rheumatic heart disease; IHD = ischaemic heart disease: HHD = hypertonic heart disease; O = operated; U = unoperated. before the induction of anaesthesia and from the start of the anaesthetic injection until 3min after the d.c. shock. The heart rate was calculated and possible ventricular arrhythmias were noted from the e.c.g. records. The analysis of arrhythmias was performed without any knowledge of the group to which the patient belonged.
Problems during anaesthesia and the immediate recovery period were noted. The patients were observed at the laboratory for 30 min after the procedure.
On the next day most of the patients were visited by the anaesthetist and a note was made as to whether or not the sinus rhythm had been maintained. The patients were asked if they recalled the procedure.
Student's t test or the Chi-square test was used for analysis of the results, unless indicated otherwise. The criterion for statistical significance was taken as P<0.05.
RESULTS
The mean dose of diazepam required to achieve drowsiness was 0.32 ( + SD 0.09) mg/kg. The dose of thiopentone was 3.7 ±1.1 mg/kg and of propanidid 4.6+ 1.4 mg/kg. The duration of anaesthesia in the thiopentone group was 4.7 + 2.0 min and in the propanidid group 4.9+ 1.8 min, the difference being not statistically significant.
Electrocardiographic findings
Conversion of the arrhythmia was achieved in 42 patients (84%) in the diazepam group, 36 (72%) in the thiopentone group and 35 (70%) in the propanidid group (table III). The differences are not statistically significant. Twenty-four hours after the countershock, sinus rhythm was present in 40 of the 42 patients in group I, in 35 of the 36 in group II and in all 35 patients in group III. The final success rates were 80%, 70% and 70%.
An average of 1.9 countershocks per patient was required to achieve conversion in groups I and III, whereas group II required an average of 2.1 countershocks. The difference between these values is not statistically significant. Table IV shows data on the prevalence of ventricular extrasystoles. The statistical analysis of these data was based on the increases and decreases in the number of patients showing ventricular extrasystoles. Within the groups, there were no statistically significant changes in the prevalence of ventricular extrasystoles. The comparison between the groups did not reveal any statistically significant differences either (hypergeometrical distribution). Ventricular tachycardia, fibrillation or standstill did not occur in any patient.
Arterial pressure and heart rate
The values of systolic pressure and heart rate, measured 2 min after the administration of atropine (table V) compared with values obtained before premedication (table I) show no change in arterial pressure and a marked increase in heart rate. The percentage changes in arterial pressure and heart rate at various stages (table VI) and the reference values  representing 100% (table V) show a remarkable stability of systolic pressure in the diazepam group.
Two minutes after the start of anaesthesia, the decrease in arterial pressure in the propanidid group was significantly different from that in the diazepam propanidid, P<0.01). Three minutes after the shock, arterial pressure had returned to near the initial value in all groups and there were no statistically significant differences between the groups. In most of the patients in the diazepam and the thiopentone groups, the decreases in arterial pressure were less than 20%. Decreases of 20-30% were found 
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BRITISH JOURNAL OF ANAESTHESIA in none of the patients in the diazepam group, in four in the thiopentone group, and in 11 in the propanidid group. Decreases of more than 30% were seen in two patients in the thiopentone group and in seven in the propanidid group. However, in this respect, the differences between the groups were not statistically significant (hypergeometrical distribution).
The changes in heart rate throughout the procedure followed a similar pattern in all groups (table VI) . No statistically significant differences were found between the groups.
Side-effects
The frequency of side-effects is shown in table VII. The incidence of apnoea exceeding 30 sec was significantly less in the diazepam group than in the propanidid group (P<0.01) or in the thiopentone group (P< 0.001). The difference between the thiopentone and the propanidid groups was not significant. Excitatory side-effects, such as muscular tension or involuntary movements, or both, were observed most commonly in the propanidid group. The difference, as compared with either the thiopentone or the diazepam group, was statistically significant (P<0.001), whereas the difference between the thiopentone and the diazepam groups was not significant. The electric countershock seemed to worsen the excitatory side-effects.
Signs of laryngeal irritation were observed in one patient in the thiopentone group and in one in the propanidid group. No other side-effects, such as hiccup, retching, vomiting or sweating were observed during anaesthesia or the immediate recovery period.
In the diazepam group 15 patients, out of 41 interviewed, recalled the electric countershock, compared with one out of 40 in the thiopentone group and three out of 38 in the propanidid group (diazepam v. thiopentone, P< 0.001; diazepam v. propanidid, P<0.01 (hypergeometrical distribution)).
DISCUSSION
The mean doses of diazepam and thiopentone were similar to the amounts given by Fox, Wynands and Bhambhami (1968) in their comparison of these drugs as induction agents. Nutter and Massumi (1965) and Muenster and colleagues (1967) have used diazepam in doses of 5-20 mg and 15-20 mg, respectively, for cardioversion. These doses are smaller than in the present study: thiopentone 3.7 mg/kg; propanidid 4.6 mg/kg: a potency ratio of 1.2 : 1. This ratio is similar to that found by Wynands and Fox (1966) . The potency ratio for thiopentone and propanidid is 1.1 : 1 (Clarke et al., 1968) .
The incidences of ventricular extrasystoles in the present series differ from those reported by Muenster and others (1967) , who found that ventricular extrasystoles appeared in 11 of 18 patients anaesthetized with thiopentone, but in none of 19 patients anaesthetized with diazepam. When results from the patients in the present study who showed no extrasystoles before the procedure were analysed, there were no significant differences between the groups in the appearances of ventricular extrasystoles during the procedure. The patients in the present study received oxygen and atropine (Orko, 1974) , whereas Muenster's patients did not. Johnstone and Barron (1968) reported that propanidid has an anti-arrhythmic effect. This was seen in the present study, although there was no statistically significant difference between the propanidid and the other two groups.
The success rate of conversion was not very high in this series. There were no statistically significant differences between the groups. It is probable that the choice of anaesthetic agent has no significant influence upon the success rate of conversion of arrhythmia (Muenster et al., 1967; Heinonen, Orko and Louhija, 1973) .
The arterial pressure in the diazepam group was almost unchanged, which is in accordance with previous observations (Nutter and Massumi, 1965; McClish, 1966; Brown and Dundee, 1968; Winters et al., 1968; Knapp and Dubow, 1970; Wyant and Studney, 1970; Somers et al., 1971) . In this respect diazepam may be considered a safe agent for patients with cardiac disease. However, relatively small doses have been used in all the studies, including the present study, and it is evident that diazepam in larger doses may have some depressant effect on the circulatory function (Rao et al., 1973) .
The decreases in arterial pressure in the thiopentone and the propanidid groups are comparable with the findings of Wynands and Fox (1966) , but not with those of Dundee and Clarke (1964) , who used smaller doses of propanidid. The periods of hypotension after propanidid in the present study were brief and unlikely to be dangerous. No signs of hypersensitivity were observed in any of the patients.
The different frequency of apnoea in the thiopentone and the propanidid groups might be because only apnoea exceeding 30 sec was considered. There were shorter periods of apnoea immediately after the hyperventilation in some of the patients in the propanidid group. There was significantly less apnoea in the diazepam group than in the other two groups and the same observation has been made by Fox, Wynands and Bhambhami (1968) . However, diazepam may depress breathing occasionally (Dalen et al., 1969; Rao et al., 1973) and it should be given by anaesthetists preferably (Dundee and Wyant, 1974) , although some authors (Glassman, 1971; Somers et al., 1971 ) are of the opinion that an anaesthetist is not necessary when diazepam is used for cardioversion.
Amnesia produced by diazepam has been reported frequently (McClish, 1966; Brown and Dundee, 1968) . In the present study 37% of the patients anaesthetized with diazepam recalled the electric countershock. This is unacceptable in elective cardioversion. The lack of sufficient amnesia did not seem to be related to the given dose per kg. No patient in the series of Muenster and others (1967) recalled the event although the exact dose per kg was not stated. The interval between the injection of diazepam and the electric countershock was the same in both studies. In the present study the individual variations in the effect of diazepam were great, and it was difficult to find the optimal dosage for every patient.
Diazepam may be considered the drug of choice for cardioversion in poor-risk patients and in emergency situations, because it does not seem to depress the circulation. However, patients anaesthetized with diazepam may recall the unpleasant procedure. For patients in better physical condition thiopentone would seem to be preferable. Hypotension and excitatory side-effects produced by propanidid make it less suitable. 
SUMARIO
Se anestesio a tres grupos de 50 pacientes con diazepam (0,32 mg/kg), tiopentona (3,7 mg/kg) o propanidida (4,6 mg/ kg) para una cardioversion electiva. La propanidida produjo mas hipotension que el diazepam y la tiopentona. La apnea fue mas frecuente despues del diazepam o la tiopentona y los efectos secundarios excitables fueron mas prominentes despues de la propanidida; el contrachoque electrico empeoro los fenomenos excitables. El porcentaje de logro de conversion fue mas alto en el grupo del diazepam que en los otros grupos, pero la diferencia no fue significante estadisticamente. El diazepam fallo en provocar la amnesia en alrededor del 33% de los pacientes. La tiopentona es adecuada y agradable para la cardioversion. Se recomienda el diazepam en pacientes de exiguo riesgo y en situaciones de emergencia.
